The first-degree relatives (FDRs) of persons with type 2 diabetes mellitus have been reported to have higher risk of developing insulin resistance and diabetes than the general population. 1,2 There are also reports of increased cardiovascular (CV) risks and prevalence of CV diseases in this high-risk population. 3, 4 The pathophysiologic mechanisms that predispose these high-risk subjects to CV risks have not been precisely elucidated. Recently we have reported the contribution of sympathovagal imbalance (SVI) to CV risks in FDRs of type 2 diabetics. 5 Previous reports indicate sex difference in pathophysiology, clinical characteristics, severity, and vulnerability to complication in diabetes. [6] [7] [8] [9] Our report suggests significant alteration in energy homeostasis and increased susceptibility to insulin resistance in male rats compared with female rats after ventromedial hypothalamus lesion obesity. 10 There are reports of sexual dimorphism in glucose metabolism, insulin sensitivity, and insulin resistance. [11] [12] [13] There is also report of sex difference in CV risks, with men more susceptible to CV diseases. 14 It was reported that sex difference in incidence of CV disease background Although cardiovascular (CV) risks are reported in first-degree relatives (FDRs) of type 2 diabetics, effects of gender on sympathovagal imbalance (SVI) and CV risks in these subjects have not been investigated.
is due to higher levels of high-density lipoprotein (HDL) cholesterol in women and greater susceptibility of men to rheological stress of higher hematocrit and blood viscosity. 15 Recently it has been reported that reduction in CV risk after six-month exercise intervention is greater in women than in men even after adjustment for confounders such as exercise frequency, weight loss, age, and baseline CV parameters. 16 However, no study has been conducted yet to assess the male-female difference in CV risks in FDRs of type 2 diabetics and the physiological mechanisms involved in these risks.
Decreased heart rate variability (HRV) and SVI have been reported to be associated with CV morbidities and mortalities. 17, 18 SVI has been recognized as a main mechanism of metabolic dysregulation in diabetes. 19, 20 A previous report indicates autonomic imbalance with increased sympathetic activity in FDRs of diabetics. 21 However, to the best of our knowledge, no study has been conducted to date to assess the sex difference in SVI and CV risks in FDRs of type 2 diabetics. Recently, spectral analysis of HRV has been established as a sensitive tool for assessment of autonomic functions in health and diseases. 22 Therefore, in this study we have assessed the effect of sex on SVI and the association of SVI with CV risks in FDRs of diabetic patients by HRV analysis, blood pressure (BP) variability analysis, and conventional autonomic function tests.
METHODS

Study design and subjects
After obtaining the approval of the Research Council and Institutional Ethics Committee of Jawaharlal Institute of Post-graduate Medical Education and Research (JIPMER), Puducherry, India for this cross-sectional study, 226 medical students were recruited from undergraduate and postgraduate courses of JIPMER during the period 2011-2013. They were classified into the following 4 groups:
1. Control group women (n = 65): Normal healthy female subjects without family history of type 2 diabetes mellitus. 2. Control group men (n = 60): Normal healthy male subjects without family history of type 2 diabetes mellitus. 3. Study group women (n = 52): Normal healthy female subjects with FDRs who have type 2 diabetes mellitus. 4. Study group men (n = 49): Normal healthy male subjects with FDRs who have type 2 diabetes mellitus.
To be included in the study group, subjects had to have either parent or a sibling diagnosed with and receiving treatment for type 2 diabetes mellitus for at least 1 year. This information was collected as part of a hypertension research project, in which family history of diabetes was addressed by a questionnaire during data collection. Details of paternal vs. maternal origin of FDR were noted. In study group women (n = 52), 24 had only a father with diabetes, 16 had only a mother with diabetes, and 12 had both parents with diabetes. In study group men (n = 49), 22 had only a father with diabetes, 14 had only a mother with diabetes, and 13 had both parents with diabetes.
Healthy subjects (subjects without illness) were included in the study. Subjects receiving any medication, with a diagnosis of diabetes or hypertension, or with history of smoking or alcoholism were excluded from the study. Because the level of physical fitness is a major determinant of vagal tone, 23 subjects performing regular athletics and body building exercises were excluded from the study.
Recording of CV parameters
Subjects were asked to report to the autonomic function testing laboratory of the Physiology Department at about 9 am after a light breakfast without tea or coffee. After obtaining informed consent, subjects' age and body mass index (BMI) were recorded. The temperature of the autonomic function testing laboratory was maintained at 25 °C for all recordings. The baroreflex sensitivity (BRS) and other CV parameters were measured by continuous BP variability method using Finapres (Finometer version 1.22a; Finapres Medical Systems BV, Amsterdam, the Netherlands), a noninvasive continuous hemodynamic CV monitor based on the principle of measurement of finger arterial pressure with the volume clamp technique of Penaz and the physical criteria of Wesseling. 24 In this method, the brachial artery pressure measured was the reconstructed pressure from the finger pressure estimated by generalized waveform inverse modeling and generalized level correction. The subjects were asked to lie down, the brachial cuff of Finapres was tied around the midarm about 2 cm above the cubital fossa, and the finger cuff of small, medium, or large size was tied around the middle phalanx of the middle finger depending on the finger width. For the height correction, 2 sensors were placed, one at the heart level and another at the finger level. The recordings were obtained after connection of cables of the cuffs to the Finometer after 10 minutes of supine rest. The "return to flow calibration and the Physiocal" was done for the level correction between the brachial and finger pressure during the initial 5 minutes of the recordings. After this, continuous BP recording was done for a period of 10 minutes.
The reconstructed brachial pressure was acquired by a PC-based data acquisition system (Finapres Medical Systems BV). The parameters recorded from the reconstructed brachial pressure tachogram were heart rate (HR), systolic BP, diastolic BP, mean arterial pressure, rate-pressure product (RPP), interbeat interval, left ventricular ejection time, stroke volume, cardiac output, total peripheral resistance, and BRS.
Recording of HRV
After 15 minutes of supine rest on a couch in autonomic function testing lab, electrocardiogram (ECG) was recorded for 10 minutes for short-term HRV analysis following the standard procedure as recommended by the Task force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology. 25 Lead II ECG was acquired at a rate of 1,000 samples/second using BIOPAC MP-100 data acquisition system (BIOPAC, Goleta, CA). The data were transferred from BIOPAC to a windows-based PC with AcqKnowledge software version 3.8.2 (Bio-signal Analysis group, Kuopio, Finland) for HRV analysis. Ectopics and artefacts were removed from the recorded ECG. Frequency domain indices, such as total power (TP) of HRV, normalized low-frequency power (LFnu), normalized high-frequency power (HFnu), ratio of low-frequency to high-frequency power (LF-HF ratio), and time domain indices such as square root of the mean squared differences of successive normal to normal intervals (RMSSD), standard deviation of normal to normal interval (SDNN), the number of interval differences of successive NN intervals >50 ms (NN50), and the proportion derived by dividing NN50 by the total number of NN intervals (pNN50), were calculated.
Conventional autonomic functions tests
Three conventional autonomic function tests were performed following standard procedures. 26 The first was HR and BP response to standing. The BP and ECG were recorded in supine position. The subject was instructed to attain a standing posture in 3 seconds. The ECG and BP were continuously recorded until the 5th minute. The ratio of maximum length between two successive R waves of ECG (RR) interval at 30th beat to minimum RR interval at 15th beat after standing (30:15 ratio) was calculated.
The second was HR response to deep breathing. With the subject in sitting posture, HR and respiration readings were obtained from ECG and stethographic tracings recorded in multichannel polygraph (Nihon-Kohden, Tokyo, Japan). The subject was asked to take slow and deep inspiration and expiration at a rate of 6 breathing cycles per minute. The ratio of average RR interval during expiration to average RR interval during inspiration during 6 cycles of deep breathing (E:I ratio) was calculated from ECG tracing.
The third was BP response to isometric handgrip. The baseline BP was recorded. The subject was asked to press handgrip dynamometer at 30% of maximum voluntary contraction for 2 minutes. The BP was recorded at the 1st minute and the 2nd minute of contraction. The maximum rise in diastolic BP above baseline (ΔDBP IHG ) was noted.
Measurement of biochemical parameters
The serum was separated from 5 ml of fasting blood sample for estimation of biochemical parameters. Fasting blood glucose was estimated by glucose-oxidase method using glucometer (LifeScan, Milpitas, CA). For determination of insulin resistance, homeostatic model of insulin resistance (HOMA-IR) was used. Lipid profile (total cholesterol (TC), triglycerides (TG), high-(HDL), low-(LDL), and very low-density lipoproteins (VLDL)) was assessed using a fully automated analyzer (AU400; Olympus, Orlando, FL), and atherogenic index (AI) was calculated. Enzyme immunoassay methods using enzyme-linked immunosorbent assay kits were adopted for estimation of high-sensitivity C-reactive protein (hsCRP; Diagnostics Biochem, Ontario, Canada), interleukin 6 (IL-6) and tumor necrosis factor α (TNFα; both from Ani Biotech Oy, Tiilitie, Finland), and thiobarbituric acid-reactive substance (TBARS) (Cayman Chemical, Ann Arbor, MI). Serum creatinine was estimated by fully automated analyzer (AU400; Olympus), and estimated glomerular filtration rate (eGFR) was calculated by modification of diet in renal disease equation. 27 Statistical analysis SPSS version 13 (SPSS Software, Chicago, IL) was used for data analysis. All data are presented as mean ± SD. Normality of data was tested by Kolmogorov-Smirnov test. The one-way analysis of variance was used for comparison of data across the 4 groups and post hoc by Tukey-Krammer multiple comparison test. The level of significance between the groups was tested by Student unpaired t test for parametric data and Welch corrected t test for nonparametric data. The independent association of BMI, HOMA-IR, AI, inflammatory markers, TBARS, and BRS with LF-HF ratio was assessed by multiple regression analysis. The prediction of RPP and prehypertension status by LF-HF ratio was assessed by multivariable logistic regression. P < 0.05 was considered statistically significant.
RESULTS
There was no significant difference in age between the men and women of both control and study groups (Table 1) . Although the difference in the BMI of control group subjects was not statistically significant, the BMI of study group women was significantly greater (P < 0.05) than that of the study group men. Additionally, the BMI of study group men and women was significantly greater (P < 0.001) than that of the control group men and women, respectively. Although there was no significant difference in diastolic BP, mean arterial pressure, stroke volume, left ventricular ejection time, cardiac output, total peripheral resistance, and BRS between control group men and women, the BHR (P < 0.05), systolic BP (P < 0.05), and RPP (P < 0.05) of control group men were significantly greater than women (Table 1 ). In the study group, all CV parameters except left ventricular ejection time and cardiac output were greater in men than in women (Table 1) . Further, all BP variability parameters of study group men and women were significantly greater than that of control group men and women, respectively.
There was no significant difference in HRV and conventional autonomic function test parameters between control group men and women. In the study group, TP and HFnu were significantly reduced (P < 0.01) and LFnu (P < 0.01) and LF-HF ratio (P < 0.001) were significantly increased in men vs. women. All the time domain indices (RMSSD, SDNN, NN50, pNN50) were significantly less in men than in women. The E:I ratio was significantly decreased (P < 0.05) and the 30:15 ratio and ΔDBP IHG were significantly increased (P < 0.05) in study group men compared to study group women (Table 1) . Further, LFnu and LF-HF ratio were significantly increased and other HRV indices and ΔDBP IHG were significantly decreased in study group men and women compared with control group men and women, respectively. However, E:I ratio and 30:15 ratio were not significantly different among study group women and control group women.
Although the fasting blood glucose, insulin, and HOMA-IR were significantly increased (P < 0.001) in study group men vs. study group women, there was no male-female difference in the control group (Table 2) . Among lipid parameters, in the control group, there was no significant difference in TC, TG, LDL, and VLDL between men and women. However, HDL was significantly less (P < 0.01) and all lipid risk factors were significantly greater in control group men compared with control group women. In the study groups, although the increase in TG and VLDL was not significant in men vs. women, TC (P < 0.001) and LDL (P < 0.01) were significantly increased, HDL was significantly decreased (P < 0.001) and all lipid risk factors (TC/HDL, TG/HDL, LDL/HDL, and AI) were significantly increased (P < 0.001) in men vs. women (Table 2) . Among the inflammatory markers, although only hsCRP was significantly greater in men vs. women (P < 0.05) in the control Data expressed as mean ± SD. P < 0.05 was considered significant. Abbreviations: 30:15 ratio, ratio of maximum RR interval at 30th beat to minimum RR interval at 15th beat after standing; BHR, basal heart rate; BMI, body mass index; BPV, blood pressure variability; BRS, baroreflex sensitivity; CAFT, conventional autonomic function tests; CO, cardiac output; DBP, diastolic blood pressure; ΔDBP IHG , maximum rise in DBP above baseline after 30% of maximum voluntary contraction by isometric handgrip method; E:I ratio, ratio of average RR interval during expiration to that of during inspiration in 6 cycles of deep breathing; HFnu, normalized high-frequency power; HRV, heart rate variability; LF-HF ratio, ratio of low-frequency to high-frequency power; LFnu, normalized low-frequency power; LVET, left ventricular ejection time; MAP, mean arterial pressure; NN50, number of interval differences of successive NN intervals greater than 50; pNN50, proportion derived by dividing NN50 by the total number of NN intervals; RMSSD, square root of the mean of the sum of the squares of the differences between adjacent NN intervals; RPP: rate-pressure product; SBP, systolic blood pressure; SDNN, standard deviation of normal to normal interval; TP, total power; TPR, total peripheral resistance.
* indicates comparison of men with women of respective groups. *P < 0.05; **P < 0.01; ***P <0.001. # indicates comparison of study group women with control group women. # P < 0.05; ## P < 0.01; ### P < 0.001. † indicates comparison of study group men with control group men. † P < 0.05; † † P < 0.01; † † † P < 0.001.
groups, all inflammatory markers (IL-6, hsCRP, TNFα) were significantly greater in men vs. women (P < 0.001) in the study group. Similarly, TBARS was significantly increased (P < 0.001) in study group men (Table 2 ). In addition, parameters of insulin resistance, inflammation, and oxidative stress and lipid risk factors in study group men and women were significantly greater compared with those of the control group men and women, respectively. There was no difference in serum creatinine among the groups (Table 2) . Although eGFR was high in men compared with women (P < 0.001) in both the control and study groups, there was no significant difference in eGFR of study group women vs. control group women or in study group men vs. control group men. Multiple regression analysis (Table 3 ) demonstrated significant individual contribution only of TNFα to LF-HF (β = 0.208; P = 0.04) in study group women. In study group men, the association with LF-HF was significant for all parameters except hsCRP and the level of association was greater for TNFα (β=0.390; P = 0.00). The independent association of BRS with LF-HF ratio was more significant in study group men (β = 0.315; P = 0.001) than in study group women (β = 0.192; P = 0.04). Multivariable logisitic regression (Table 4) showed significant prediction of LF-HF to RPP in both study group men and women, but the level of prediction was higher in men (odds ratio (OR) = 2.72; 95% confidence interval (CI) = 1.130-5.875; P = 0.005) than in women (OR = 1.54; 95% CI = 1.105-4.410; P = 0.03). The prediction of LF-HF to prehypertension status was significant only in study group men (OR = 1.96; 95% CI = 1.112-4.875; P = 0.01).
DISCUSSIOn
Significantly high LF-HF ratio in study group men vs. women (Table 1) indicates greater SVI in male FDRs of type Data expressed as mean ± SD. P < 0.05 was considered significant. Abbreviations: AI, atherogenic index; eGFR, estimated glomerular filtration rate; HOMA-IR, homeostatic model assessment of insulin resistance; hsCRP, high-sensitive C reactive protein; IL-6, interleukin 6; LDL, low-density lipoprotein; OS, oxidative stress; TBARS, thiobarbituric acid reactive substance; TC, total serum cholesterol; TG, triglyceride; TNFα, tumor necrosis factor α; VLDL, very low-density lipoprotein.
2 diabetics, which was contributed by both increased sympathetic (increased LFnu) and decreased vagal (decreased HFnu and time domain indices) tone. 22, 25 Further, there was increased sympathetic reactivity, represented by increase in ΔDBP IHG , and decrease in parasympathetic reactivity, represented by decrease in E:I ratio, 26 in male FDR of type 2 diabetics. The TP of HRV was significantly decreased in study group men (Table 1) ; this represents a substantial decrease in HRV in these men because TP represents the quantum of HRV spectrum. 22, 25 The TP of HRV reflects overall vagal potency of cardiac modulation. 22, 25 Decrease in TP has been reported to be associated with sudden cardiac death and cardiac morbidities. 17, 28, 29 Thus, decreased TP of HRV in male FDRs of diabetics could predispose them to adverse CV events. Further, high BHR in these subjects (Table 1) increases their CV risk because increased resting heart rate has been reported as a CV risk. 30 Although the exact cause of greater SVI in male FDRs of type 2 diabetics can not be fully ascertained, insulin resistance could be a plausible mechanism because fasting blood glucose, insulin, and HOMA-IR were significantly increased in these subjects (Table 2 ) and HOMA-IR had independent contribution to LF-HF ratio (Table 3) . Because insulin resistance has been reported to cause autonomic imbalance, 31 it may possibly contribute to the greater SVI in male FDRs of type 2 diabetics. However, the renal functions were apparently normal in male and female FDRs of type 2 diabetics compared with their respective control subjects because there was no difference in serum creatinine and eGFR between study group men and control group men and study group women and control group women (Table 2) .
Low-grade inflammation has been reported in FDRs of type 2 diabetics. 32 In this study, the inflammatory markers (IL-6, hsCRP, and TNFα) were not only significantly increased in study group men (Table 2 ) but also their independent contribution to LF-HF ratio (Table 3 ) was greater. Inflammatory markers have recently been reported to contribute to autonomic imbalance. 33 Therefore, it appears that the retrograde inflammation, which was greater in male FDRs of type 2 diabetics, might contribute to greater SVI in these subjects.
There is previous report of atherogenic dyslipidemia in FDRs of type 2 diabetics. 34 In this study, all lipid profile parameters except TG and VLDL and lipid risk factors (TC/ HDL, TG/HDL, LDL/HDL and AI) were significantly greater in men (Table 2) . Moreover, AI made a significant contribution to LF-HF ratio in men but not women (Table 3) , indicating that elevated level of atherogenic lipid risk factors could contribute to higher SVI in men. Additionally, AI has recently been reported to be the better indicator of CV risk. 35 Oxidative stress has been reported to induce SVI. 36 In this study, TBARS was significantly greater in men (Table 2) and had independent contribution to LF-HF ratio (Table 3 ). Therefore, a greater level of oxidative stress could have contributed to higher SVI in male FDRs of type 2 diabetics.
Obesity is prevalent in offspring with family history of diabetes. 37 Although BMI was significantly increased in women vs. men in the study group (Table 1) , BMI had independent contribution to LF-HF ratio in men but not women (Table 3) . Thus, increased adiposity does not appear to be directly linked to SVI in these subjects.
RPP is a measure of myocardial work load and energy expenditure, and increase in RPP has been documented as CV risk. 38 In this study, RPP was significantly increased in men in both control and study groups (Table 1) . Moreover, logistic regression adjusted for BMI (Table 4 ) demonstrated higher prediction of LF-HF to RPP in study group men vs. women. Thus, it appears that CV risks are more in male FDRs of type 2 diabetics, and SVI in these men is closely linked to these CV risks. Further, SBP, DBP, mean arterial pressure, stroke volume, and cardiac output were significantly increased in men (Table 1 ). In addition, prediction of prehypertension status by LF-HF ratio was significant in men but not women ( Table 4 ). The SBP and DBP of many study group men were in the range of prehypertension (Table 1) . Recently we have reported prehypertension as a CV risk 18 and role of SVI in the genesis of prehypertension. 39, 40 BRS has been considered as a marker of SVI, 41 and decrease in BRS has been reported to promote CV morbidity and mortality. 42 In this study, BRS was significantly reduced (P < 0.01) in study group men vs. women (Table 1 ) and the level of association of BRS with LF-HF ratio was greater in study group men (β = 0.315; P = 0.001) than study group women (β = 0.192; P = 0.04) (Table 3) . Therefore, we suggest that in male FDRs of type 2 diabetics SVI is associated with CV risks. Total peripheral resistance, a marker of sympathetic activity and arterial stiffness, has been suggested as a predictor of CV disease risk. 43 Because total peripheral resistance was significantly greater in male FDRs of type 2 diabetics compared to female FDRs of type 2 diabetics (Table 1) , it may further potentiate the CV morbidity in these subjects.
In this study, CV risks 17, 24, 30, 44, 45 such as resting tachycardia, increased RPP and hypertension status, decreased BRS, decreased TP of HRV, insulin resistance, atherogenic lipid profile, low-grade inflammation, and oxidative stress were present in FDRs of type 2 diabetics and were more prominent in men. CV risks in these subjects were associated with SVI. The limitation of this study is that we have not estimated glycated hemoglobin. Nevertheless, further research warrants assessment of the effect of sympathovagal balance achieved by yoga relaxation treatment on CV health in these subjects, as such therapy has been reported to improve autonomic and BP homeostasis. 46 
